SUMMARY Common ventricle is a rare congenital anomaly in which the ventricular chamber receives blood from two separate atrioventricular valves or from a common atrioventricular valve. We used contrast echocardiography during cardiac catheterization to confirm ventricular anatomy and to characterize blood flow dynamics in 35 patients with common ventricle. After injections of dye, a cloud of echoes anterior to the mitral valve echo during the rapid inflow phase of ventricular diastole is indirect evidence of common ventricle with SINGLE OR COMMON VENTRICLE,`a rare and complex form of congenital heart disease, is a challenging diagnostic problem to the cardiologist. Standard M-mode echocardiography has helped in evaluating patients with common ventricle. 4 8 Over the past two years we have used standard M-mode echocardiography in the cardiac catheterization laboratory to aid in the elucidation of cardiac anatomy.9 Contrast echocardiography'0 has become an integral part of these clinical studies, helping to confirm echographic anatomy and characterize blood flow dynamics in various congenital cardiac defects. 9 The purpose of this report is to present our experience with contrast echocardiography in 35 patients with common ventricle, with reference to the usefulness of this technique as an adjunct to the identification of echographic features and blood flow dynamics characteristic of common ventricle. Contrast echocardiography appeared to be useful as an adjunct to standard M-mode echocardiography and angiography in the identification of typical anatomic features in this congenital cardiac defect.
Definition of Terms
Single or common ventricle (the terms are used interchangeably here)' is a congenital anomaly in which a ventricular chamber receives blood directly from two atria or from a common atrium." 11, 1 Blood passes either through two separate atrioventricular valves (mitral and tricuspid) or through a single (common) atrioventricular valve.' This definition excludes patients with tricuspid or mitral atresia.
This anomaly can be classified into two major types: 1) common ventricle with an outflow chamber and 2) common ventricle without an outflow chamber. In common ventricle with an outflow chamber (also called type A by Van Praagh and associates' and single ventricle by Lev and associates'), a septal remnant separates a smaller outflow chamber from a larger common ventricular chamber. The septal remnant may represent true ventricular septum' or more likely a persistent bulboventricular septum."3 The outflow chamber represents the persistent right ventricular infundibulum and does not receive blood directly from either atrioventricular valve. It is usually situated anterior or slightly lateral (or two atrioventricular valves. Common ventricle with an outflow chamber is characterized by a smaller ventricular chamber visualized anterior to both atrioventricular valves which opacifies with subsequent ventricular systole. The arrival of all dye posterior to the only recorded atrioventricular valve further established the presence of a single atrioventricular valve. These contrast flow patterns gave greater specificity to the standard M-mode echocardiographic assessment of patients suspected of having common ventricle. both) to the common ventricle and may be small or extend the full length of one surface of the heart." As defined, both atrioventricular valves drain into the larger common ventricular chamber. The trabecular pattern of the common ventricle tends to be smoother ("morphological left ventricle").'
In common ventricle without an outflow chamber (also called type C by Van Praagh and associates' and common ventricle by Lev and associates'), both atrioventricular valves are committed to the common ventricular chamber. There is a higher incidence of common atrioventricular valve, and the trabecular pattern of the ventricle tends to be coarser (primitive)."' 14 Two atrioventricular valves are usually present in both types of common ventricle.' The right atrioventricular valve usually has features of a tricuspid valve and the left atrioventricular valve has those of a mitral valve.'5 However, this pathologic distinction may not always be easy to make.3' 1 For simplicity and to prevent confusion in this report, we have designated the echocardiographically posterior (left) atrioventricular valve as the mitral valve and the anterior (right) atrioventricular valve as the tricuspid valve, recognizing that this designation may not always agree with the anatomic designation in individual cases. A single (common) atrioventricular valve, when present, is seen most often in patients who have a common ventricle without an outflow chamber. ' The great arteries are usually transposed.' In patients with common ventricle and an outflow chamber with transposed great arteries, the aorta usually arises from the outflow chamber and the pulmonary artery from the common ventricle."" " In common ventricle without an outflow chamber, both great arteries arise from the common ventricle.' Usually there is fibrous continuity of the left atrioventricular valve and posterior great artery."'
Material and Methods
Contrast echographic studies at the time of scheduled cardiac catheterization were performed in 35 patients (age three months to 27 years, mean five years). The diagnosis of common ventricle in all these patients was established by cardiac catheterization and large-film biplane angiography. In Patients were examined in the recumbent position. The transducer was held in the third or fourth (occasionally fifth) left intercostal space near the sternal edge. With the use of conventional echocardiographic techniques, an attempt at complete cardiac scan was made in each patient.
All contrast echocardiograms were performed during cardiac catheterization. A double-syringe technique, with injection of 1 ml of indocyanine green followed by manual flush of 5 to 10 ml of isotonic saline, was used to produce the contrast effect. anterior to both atrioventricular valves in patients with common ventricle with an outflow chamber (24 patients) . These three anatomic variables will be discussed separately with reference first to standard M-mode echographic features (table 2) and second to contrast echographic confirmation of this anatomy and the characterization of specific blood flow patterns.
Common Ventricle With Two Atrioventricular Valves
Thirty-three of 35 patients (24 of 24 with common ventricle with an outflow chamber and 9 of 11 with common ventricle without an outflow chamber) had two demonstrable atrioventricular valves. Echocardiographic features included simultaneous recording of an anterior and posterior atrioventricular valve without an intervening septal echo on a base-to-apex scan (33 of 33 patients) ( fig. I ).8 A ventricular septal echo in the usual position separating the atrioventricular valves could not be recorded in any of the patients.
Contrast Echocardiographic Features. In patients with common ventricle and two atrioventricular valves, a characteristic blood flow pattern was recognized after a peripheral or central venous injection of dye (30 of 30 patients). When both atrioventricular valves could be visualized simultaneously, the resultant cloud of echoes initially appeared during ventricular diastole in the tricuspid valve orifice or funnel ( fig. 2A and B) . In the same cardiac cycle the contrast effect appeared anterior to the mitral valve echo and subsequently filled the entire ventricle without outlining a ventricular septum separating the two atrioventricular valves. The mitral valve funnel initially remained echo free (blood without dye coming through mitral valve).
Even when the anterior atrioventricular valve could not be distinctly or definitely visualized, close analysis of the resultant flow pattern revealed distinctive features suggestive of common ventricle ( fig. 2C) . First, the bolus of contrast initially appeared during ventricular diastole anterior to the mitral valve. This suggested the presence of a separate an-FIGURL, 2. A) Ten-year-old girl with surgically proven common ventricle with outflow chamber and dextrotransposed great arteries. figure 2A and B, dyed blood appeared in the common ventricle through the tricuspid valve orifice. Because there is no septum to impede the flow of dye, the bolus of contrast initially appears in the whole common ventricular chamber (through tricuspid valve and anterior to mitral valve) during diastole without outlining an anatomic septum separating the atrioventricular valves. (fig. 3A) .
Contrast Echocardiographic Features. Patients with angiographically or surgically confirmed common ventricle and single atrioventricular valve showed similar distinctive contrast blood flow patterns. Although these patterns suggested a single atrioventricular valve, they were not diagnostic of common ventricle. Twenty-four patients with common ventricle and an outflow chamber were studied with standard M-mode and contrast echocardiography. Angiographically, as noted above, the smaller outflow chamber was usually located anteriorly and slightly lateral to the common ventricular chamber.
Only after considerable echocardiographic experience in patients with common ventricle8 and the introduction of contrast echocardiographic techniques in the cardiac catheterization laboratory' did we first demonstrate the outflow chamber of common ventricle.
When a higher transducer position was used, the septal remnant and the outflow chamber were recorded in an unusual anterior location, being anterior to both atrioventricular valves ( fig. 4A ). The echo of the septal remnant separated the outflow chamber from the common ventricle, and it moved posteriorly during systole. Since our initial observation we have searched echographically for an outflow chamber in all patients suspected of having common ventricle. In After central or peripheral venous injections of dye, a characteristic blood flow pattern was visualized. Contrast echoes initially appeared in the common ventricular chamber anterior to the mitral valve echo during the rapid inflow phase of ventricular diastole and then appeared in the outflow chamber with subsequent systole (fig. 4C) . The timing and sequence of arrival of contrast echoes into the common ventricular chamber were the same as described above for common ventricle with two atrioventricular valves. Appearance of dye in the anterior chamber with subsequent systole was most characteristic of common ventricle with outflow chamber. The absence of contrast echoes in the smaller anterior chamber during initial diastole further confirmed that it did not receive blood directly from the right atrioventricular valve.
Additional Observations Postoperative Common Ventricle
Complete and successful surgical correction of common ventricle has been performed at our institution for the past No 3, MARCH 1977 two years. A dacron or teflon prosthetic patch is used to partition the common ventricle into "left" and "right" ventricular chambers. Aside from the prosthetic ventricular partition, the intraventricular anatomy remains relatively unchanged. Echocardiographic features include visualization of the prosthetic septum, producing a dense echo that divides the common ventricle into a "right" and "left" ventricular chamber (fig. 5A ). This patch moves anteriorly during ventricular systole. Contrast echocardiography confirmed the echographic recognition of the newly formed "(right" and "left" ventricular chambers (fig.SB) . Residual intracardiac shunting was also visualized by contrast echocardiographic techniques.9
Great Arteries
Great artery relationships were more easily recognized by angiographic techniques in this complex anomaly. Direction of the ultrasound beam19 or simultaneous recording of both semilunar valves20 occasionally predicted a transposed relationship (eight of 35 patients, 23%). Contrast echocardiography by itself also was of little help in distinguishing great-vessel relationships. After proximal injections of indocyanine green dye, a cloud of echoes appeared simultaneously in both great arteries.
Discussion
The echocardiographic descriptions of common ventricle are limited,'`8 and until recently8 the echographic features of common ventricle were reported as showing 1) absence of a demonstrable ventricular septal echo, 2) a single huge atrioventricular valve (infrequently two atrioventricular valves),`and 3) lack of atrioventricular-semilunar valve continuity. 8 Over the past three years we have performed echograms on a large number of patients with common ventricle and have correlated these with angiographic and anatomic features.8 Our echographic experience ( fig. 2A, B and C) .
If, in the echographic evaluation of a patient suspected of having common ventricle, difficulty is encountered in demonstrating both atrioventricular valves simultaneously, the contrast pattern as just described (viewing mitral valve only) should suggest common ventricle. In contradistinction, in patients with right-to-left shunt at ventricular level (that is, through a large ventricular septal defect), following systemic venous injection of dye, echoes appear anterior to the mitral valve during the isovolumic relaxation phase of ventricular diastole (after aortic valve closure and before mitral valve opening).9' Therefore, with a venous contrast echogram as shown in figure 2C , the probable diagnosis of common ventricle with two atrioventricular valves can be deduced reliably.
Although 
